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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

ADVANCE CONFIDENTIAL KSPORT 

EFFECT OF A TKAILIKG-3DGE EXTENSION ON THE 

CHARACTERISTICS OF A PROPELLER SECTION 

Ey Theodore Theodorsen and George 17.  Stickle 

SUMMARY 

A convenient technical Method is presented to 
evaluate changes  In th3 airfoil characteristics restating 
from a?-, sxteuHlcn of tho chord e.t  the tralliiic edge of a 
propeJIor blac'.e  section.    Tn-3 n-ftthod dotormlnes the 
change in the anglo of zero lift,  the ideal anglo of 
attack,  >xrä the difference  in these angles  (upon which 
the design lift coefficient depends)  as u function of the 
angle  •• 'd le;i,*th of ths  trailint 
treat ÜV: 

extension. The 
le thin-airfoil theory 

and ie :.hus cone jrw.ee! CJJI^ w.-.h the mean ce.'noer line of 
the PC •:•.*;£ on. ~e]\z:v.tl(-s-  .aid  dj*E.?.l)d coramitations are 
giver •.-.'} illuatiat-j \••;:-•  •-'.ppll.iut'.on of the -cethod.  The 
matht.f! is app.licabio to all profiler sections and is 
short enough to penalt use in practical design. 

INTRODUCTION 

A flat sheet of metal is seine tildes attached to the 
trailing edge of a propeller blade in order to increaso 
the propeller solidity for a given blade design. The 
addition of the flat' sheet on the trailing ed^o of the 
propeller blade changes the characteristics of the blade 
section. The new characteristics are dependant upon 
the angle of the extension, the length of tho extension, 
and the original airfoil section. The problem of 
determining the sn^le at which tha sheet should bo added 
and tie effect of this angle on th« anglo of zero, lift,the 
ideal angle of attack, and the design lift coefficient 
is the subject of this paner. 

The ideal anglo of attack is defined as the an^le 
at which the front stagnation point la at the loading 
edge of the airfoil. The design lift coefficient is 
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defined as the lift coefficient of the airfoil when set 
at the ideal angle of attack.  If the design lift coeffi- 
cient, so äefined, corresponds to the operating condition 
of the propeller section, the airfoil section has a 
camber that gives it the highest critical speed (beat 
pressure distribution) obtainable for the operatinc 
condition with the ctun'oor and thickness distribution 
which define the airfoil. 

A  relative chanr-o In the angles of zero Hit of the 
airfoil sections along the propeller radius in effect 
changes the p'tch distribution of the propeller. The 
angle of the trailing-edge extension thus parriita some 
selection of the pitch distribution of the propeller. 
This report 3hrws how tuis effect -icy be ovaluated. 

The r.iSt"iod of this report 13 based 0:1 the concept 
of the examination of the wean camber line from thin- 
airfoil theory of refersnee 1. The method ha3 been 
checked for accuracy with the more complete but more 
difficult methods of references H and 5 end fo-ind to 
be in good agreement for thin sections as ussd en 
propeller blades. 

Experitront.'il data on airfoil section lift coeffi- 
cients as a function of ingle of attack ^re generally 
used in analyzing Dropaller operation. Since experi- 
mental data for airfoil sections with extended flap3 
are not available, theoretical calculations must be 
used in analyzing propeller operation with tr-iilin^- 
edge extonslon flaps. Experimental and theoretical 
values of life ccafficiont as a function of au^jle of 
attack rarely are in perfect agreement, 'The discrep- 
ancy lrcresses with airfoil section caT.ber and thickness 
and makes it difficult to compare results when theo- 
retical and oxperinor.tal values are used together.  For 
this reason the difference in the airfoil characteristics 
between the original 2nd the extended airfoil sections 
are used in the application of the results of this report 
to propeller analysis. 

1 1 

METHOD OP ANALYSIS 

Calculation of the angle of zero lift, the ideal 
angle of attack, and the design lift coefficient is 
based on the examination of the mean camber line of the 
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airfoil section.    Th^ method ia adapted from reference 1, 
which £lvnB a discusaion of its theoretical background 
and validity.    line present papar applies  the solution 
to tho  rax'tlcular p-j-ohlein of axtended flaps on airfoil 
sections and presents  tho method in a forw that isak-ja 
it easily applicable  to this specific problem.    The 
steps in the procedure aro as follows: 

(1) Ol-ta^.H  tb'i ordinate    y    at t.n abacls^a    x    ef the 
camber- 13ns-  o.°  the  airfall  fro-u a. line  jo.'r.ln,"  the ends 
of  'ehe  can? er "lira. 

(2) Calculate  the function    F    from 

P = 
\/rAl - x) 

(5) Calculate e for the nose of tho airfoil: 

(1) 

Ei.T = —  /       — dx - ~  / 

"   "40125*     "t/0 

0.0125 p 
(2) 

The first term of equation (2) :'.a integrated graphically. 
The second terij, which Tr.ay be doncted as Ae,. or 

±    rtO.U125p 

Acff = - / rdJi 1 
•ijC 

0.0125 

x/x(l - x) 
dx (?) 

may be evaluatad, however, if tho t9rm 1 ~ x is taken 
equal to unity. This substitution causes an error of 
only 0.6 of 1 percent in the ü«jr tarm or approximately 
0.2 of 1 percent in cN. 3hen, 

A«» 
= 1 P°-0lV        y 

da x 
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An approximate equation for the rart of the camber 
line from x = 0 to x = 0.Q1Z5 M^7 be*written in tho form 
of 

p 
y = ex - bx 

whore c is tho slope of the camber lir.e at x ~  0, 
end b is a constant that will l.iaka the ordinate at 
x = 0.0] 25 equal to the v ordlnate of the ca"aber 
line.  (See fi;. 1.) 

i't miy be 3hown that the integral of equation (Ij.) 
is equal to 

Ae.j - •'= «h h+ f <°i - *>]      (5) 

where    x-^    ?md    7-,     ar*u  th3  valuos of    x    and    y    at the 
common lLnit of  tbe  gi'.ifhlcal  and analytical  integrations. 
The  vaiv.e  of    x    (it wh*ch   the  Er-tphionl  Integration is 
3tcppod ind the  analytical V;f»£un racy bo  anywlera   In the 
region cf    x -•  0,C12j.    Whoii excon&ica flaoa  sra iiüd-ad, 
the nicTt convonlint   valve   5.3 losu  than    x "  ü.Qlr2S. 

(!•.)  Calculate     £    for the  tsJl of tho  section   t.n 
the  3ä'ie iranrer a?.     £*i    13  calculated by f3t)7acinß 
x    by    1 - x: 

,    00.9373      p x   J*l p £T = M        r^ ** + n /      r^dx (6) 
Jo Jo.9875 

. I 

•I 

« i 

(5) The angle of zero lift in decrees is given by 

= -57.3«-, (7) 

*7 
(6) The idsal angle of attack in degrees ia given 

oj = -28.6 (^ + £K) (3) 

(7) The difference between aj0 and ar    ia the 
angle upon which the dnsign lift coefficient demands. 
If the slope of the lift curve a ia known for the 
section, the design lift coefficient may be calculated by 
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As was explained in the Introduction, these com- 
putctione are r..o?u fccouftike for valuer to b^ use'! in 
oompariaon o; U;o original and the extended airfoil 
Bactions.  If ucad in this manner, th3 oomputetiene 
^,1^'c  an accurate picture of the change in the ooer-ibing 
oonditii us of bhe propeller sections when any angle or 
lr-n;;t'i of sxtension is uced. 

for two representative examples is ;,iven 
and computations for icur e camplos a.-'j 

The method 
In the appendix 
Sivea in tables I to IV.  fho exanples r.r-e 
mC/l l6-series airfoil L;"cbior a.id a Cirri: 

for an 
Y airfoil S iC-- 

b'Lor.  The t| .C;A .LC-sorif-E section has a t'esign lift coef- 
ficj ?ut of 0.5 jnd, since 011I3 bho mean camber line io 
employed in the calculations, i3 designated 16-5XX, which 
applies to un airfoil of zero or <mj other thickness. 

H !3ÜLTS HD DISCUSSION 

füomputaticna have been made for an NACA 16-5""/. air- 
foil section with IT extension of 20 porcent of the chord« 
The rosulta are [jiven in figure 2 r..s a function of the 
angle of e.-ztcrcion measured from a straight line joining 
bhe ends of the :iecn canber line of the crijinal airfoil« 
The an jc of sere lifb, the ideal angle ox attack, anl 
the difference between Lho tvo angles i^f the ori^iiial 
airfo-. I are shown in figure d.1 an -j.e of extension 
would have to be o,7Q./*o make tho onjlo of zero lift 
equal to that of Line original airfoil, 15.2° to keep 
bhe idoal angle r>f attack unchangod, and 6 to make 
the difference b3tv;een the two angles the same, which 
would mean equal design lift coefficients Tor tho 

It is inherent in the method that these calculated 
angles are measurod fron a straight line  joining the 
extremities of the mean caabc.r line of the extended air- 
foil section«  If It is desired to refer these an^lco bo 
the camber line of the original airfoil section, the 
following formula ;.'.ve3 the angular differenae a^ 

between the two reference lines: 

: tension l<-ngtin 

Chord   / 
tan "al = 

sin (Angle of extension) 

1 + 
(IFxtcnzLun len^thS 
V^ Chord / 

cos (Angle of extension) 

v'j-'xar. 

. r 
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original and extended pirfoils. If the angle of 
extension is mpde 13.2° so that the ideal pngle of 
pttack rowrins unchanged, brepkp.vey of the flow p.t lov 
lift coefficients might bo encountered. 

Figure 3 gives the results for p  20-percent extension 
on e Clrrk Y rirfoil of 1.83-peroent crmber, which corre- 
sponds to P  standprd Clerk Y section of 6-percent 
thickness. The angle of the extension thpt gives 
Characteristics equivalent to the origiml rirfoil in 
seen to bo gre"tly roduced over thet of fifjure 2 becpuse 
of the smoll r"aount of cr>uiber for the original rirfoil. 

The results pre shown in figure h  for P 20-percent 
extension on p Olprle Y rirfoil of 5.^9-percent cpmber, 
which corresponds to a standard Clark Y section of 
approximately 18-percent thickness or to P. double 
cambered Clprk Y section of thinner section with p. 
design lift coefficient between 0.5 r<nd 0.7. These 
results were calculated to investigate the effect of 
cember rlone. 

The results for p  40-percent extension on p. 
Clprk Y nirfoil of 5.'^9-percent cpmber p.re rreaented 
in figure 5. The rngle of the extension to'maintain 
the arms design lift coefficient PS the basic rirfoil 
is approximptely the seme for both the 20- rnd the 
40-percent extensions. 

Figure 6 allows a comparison of the a?,  and the 

ai - alo curves for the four conditions investigated. 

It may bo observed thpt the slopes of the a7  curves 
lo 

are rll approximately equal ft p vnlue of 0.35° per 
degree of the angle of the extension. The repson for 
this condition cpn be seen fron examination of equa- 
tions (6) rnd (7) along with figures 7 and 8. The vrlue 
of a,  is defined by e,„, pnd from figure 8 it cpn 

o 1 

be seen thpt the trailing edge of the airfoil is the 
- a? L o 

curves pre seen to very more in slope thpn the a7 
''o 

curv' 3. Camber of the original airfoil section merely 
shifts the v."lue of o^  for a given extension pngle. 
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The length of the extension has the spine effect es 
camber. The longer the extension the less camber the 
extended airfoil has for a given angle. 

CONCLUSIONS 

A convenient technical method has been presented 
to evaluate changes in the airfoil characteristics 
resulting from pn extension of the chord at the trailing 
edge of a propeller blade section. The method determines 
the change in the pngle of zero lift, the ide^l angle of 
attack, and the difference in these angles (upon vhich 
the deaign lift coefficient depends) r.s a function of 
the angle and length of the trailing edge extension and 
permits v,he »diustmont of the angle of the extension of 
the chord to comply vith pny requirements regarding the 
engle of zero lift or the design lift coefficient. 

It WPS found that for the cases considered the 
characteristics obtained by this short method wore 
actually ?.n perfect agreement with data calculated by 
the exact method of th-- {arbitrary airfoil thoory. 
This ptri't'.ez^nr,  is, of course, not necessarily true 
for till :V sections cr extreme cases of curvature near 
the ei. ;;cc-m3.t,ics of the chord. On tho  other hand, for 
normal cages the method is sufficiently accurate for 
all technical purposes. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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APPENDIX 

COMPUTATIONS IN DETAIL 

Tables T and II contain the detailed computations 
for an NACA 16-5XX airfoil section for the original air- 
foil anfl for th3 airfoil extended 20 percent.  Table3 III 
and IV contain the detailed computations for a standard 
6-pei'ecnt--chick Clark Y airfoil" v.ith and without an 
extended trailing edgo of 20 percent. Table V gives the 
camber ordinetes for NACA l6-series airfoil sections 
and table VI,the camber ordinates for Clark Y sections. 

Each 3tep in obtaining the results for the 
NACA 16-5XX section without trailing-edge extension is 
explained in detail for table I.  The ateps that are 
differart becauso the airfoil i3 extended are explained 
for table II. 

Exanple I - Characteristics of NACA 16-5XX Airfoil 

The nutuber3 in parentheses refer to column numbers 
in table I. 

(1) By use of table V, select values of x to be 
used. 

(2) Subtract     valv.es of    x    from unity. 

(3) Multiply (1) by (2). 

(i|.) Take square root of (3). 

(5) Obtain ordinate of mean ca*nber line from 
table V by nultlplying values in table V by 
the design lift coefficient of 0.5 and convert 
to fractions instead of percent. 

(6) Divide (5) by (k ). 

(7) Divide (6) by (1). 

8. Plot (7) against (1) between the values of 
x = 0.0125 end x = O.95 and extend the 
curve to x = 1.0 as shown in figure 7. 
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9. Intoßrate with a pianimator between the limits 
of x =• 0.0125 aiid x  = 1.0. 

.10. Calculate &€K from equation (5): 

AeN = —7—In  + I (oxl " TIM 
"VxlL   5        J 

when 
xx = 0.0:25 

= 0.00268 

o = O.6223J4. x 0.5 = 0.31117 
then 

0Cw = -? . (0.00268 + 0.00081) N  O.LIlSV 

= 0.0199 

11. Calculate «JJ from equation (2) and the results 
of steps 9 and 10: 

Jo.0125 
£•  dx - A« N 

or 

cN , J^ . 0.0199 

= -O.O789 

12. Since the NACA 16-5XX airfoil has a symmetrical 
camber line, 

eN = -eT 

13. Prom equation (7) calculate angle of zero lift 

°v 
alo = -57-3«T 

= -57.3(0.0789) 

14. Prom equation (8) calculate the ideal angle of 
attack ax: 

aT  =   -28.6(6m   +   €N) 
=   0° 

W- 
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15. Calculate the difference    aj - aj0t 

aI " al0 
= ° + ^*52 

Example II- Characteristics of NACA 16-5XX Airfoil 

with 20-Percent Extension 

Calculations stro prosentad for the characteristics 
of the N\CA 14-5XX airfoil with a 20-percent extension 
set at an ungle of 7.38° to tne lino joining the ends 
of the nuan camber line.  This anglö is oqual to the 
angle fomed oj  n straight line drawn through the 7 
ordinate at 90 percont of the chord and the end of the 
mean camber line. 

The numbers in parentheses refor to column numbers 
in table TI. 

(1) Selsct values of xg     (abeissa of airfoil with 
extended n;';d lti one ), 

(2) Obtain values of    jp    from table I (ordinate 
of ntrfoil with extended additions). 

(3) Compute    Ay    from 

xz * i.a. where y2  is the ordinate y_ at 

(!(.) Add (2) and (3). 

(5) Convert (Ij.) to unit chord by dividing by 1.2. 

(6) Convert (1) tc unit chord by dividing by 1.2. 

7. Add a station at x = O.9875. The y ordinate 
is obtained by proportion since the extension 
is a straight line. 

8. When the coordinates of the mean camber line 
are obtained from the base of a straifjht line 
joining tho ends of the mean camber line of 
the extended airfoil, the example proceeds 
In the same manner as example I until ejj la 
obtained. 
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FABLE  I.- CALCULATIONS FOIi JTACA 16-5XX AIRFOtL 

•" 

(1) (3) (5) ('+) (5) (6) .(7) 

X 
1   -   X 

1  -(1) 

x(l-x) 

(1) x (3) 

V'x(l - x) 

{Til 7 
P = 
y P./x 

(c)/(l) VsTf"-TT 

0 l.'jö 
_ 

0 Ü 0 
.0125 .9675 .0123 .1109 .0027 0.02L.2 1.936 
.OS .95 .0475 .2179 .0079 .0363 .726 

.10 .90 .0900 .3000 .012 9 .0431 .4.31 

.20 .HO .1600 .4.000 .0199 .04.98 .24.9 

.30 .70 .2100 .1+533 .024.3 .0530 .177 

•4-0 .60 .24.OÜ •4-399 .0263 .05U7 .137 

.50 .50 .2500 .5000 .0276 .0552 .110 

.60 .4-0 .2i|00 .U399 .0268 .05U7 .091 

.70 -r50 .2100 .4.535 .024.3 .0530 .076 

.80 .20 .1600 .4.000 .0199 .Q4.98 .062 

• 90 .10 .0900 .3000 .0129 .O4.31 .O4.3 

.95 .05 .04-75 .2179 .0079 .0563 .C3C 

•1 00 0 0 0 0 

C.0789 
IS07A9 

*10 = -k.5'< 
a? =    0° 

\J 

°I " al0 
= li.52° 
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TABUE III.- CAIXJULATIO.VS FOR CLARK Y AIRFOIL ÄITH 1. 83-PERCE.VT CAMBER 

C0RRESP0;roi;Jo 10 STAJDARD 6-PERCSJI THICK CLARK y AIRFOIL 

§ 3 
(1) (2) (3) (4) (5) (6) (7) (8) 

X 
1 - X 

1 -  (1) 

x(l - X) 

(1)  x   (2) 

t/x(i - x) 

1/(3) 
.   y 

P = 
P/x 

(6)/{l) 
1  -  X 

(6)/(2) /x(/- X) 
(5)/(4) 

0 1.00 0 0 0 

.0125 .9875 .0123 .1109 .0015 0.0135 1.080 0.014 

.05 .95 .0475 .2179 .0056 .0257 .514 .027 

.10 .90 .0900 .3000 .0096 .0320 .320 .036 

.20 .80 .1600 .4000 .0148 .0370 .185 .046 

.00 .70 .2100 .4583 .0174 .0380 .127 .054 

.40 .60 .2400 .4399 .0183 .0374 .094 .062 

.50 .50 .2500 .5000 .0178 .0356 .071 .071 

.60 .40 .2*00 .4899 .0161 .0329 .055 .062 

.70 .30 .2100 .4583 .0132 .0288 .041 .096 

.80 .20 .1600 .4000 .0096 .0240 .030 .120 

.90 .10 .0900 ,30u0 .0051 .0170 .019 .170 

.95 .05 .0475 .2179 .0026 .0119 .013 .238 

.9875 .0125 .0123 .1109 .0007 .0063 .006 .504 

1.00 0 0 0 0 

tH - -0. 
*T -   o. 

J481 
J318 aI " 

-1.82° 
0.47° 

Oj - a «° 

NATIONAL ADVISOR* 
COUUITTEE FOR AERONAUTICS 
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TABLE V.- CAMBER-LINS ORDINATES FOR 

THE 16-SERIES AIRFOIL SECTIONS 

(All  value3 Keasured in carcant  chord from chord line; 
lift  ccefficient,  l.O] 

Sbatlon Crdinato Slopo 

0 0 0.62234 

1.25 • 535 •34771 

2.5 .930 .29155 

5 1.580 .25432 

7-5 2.120 •19993 

10 2.587 .17486 

15 3.364 .I38O4 

20 3.9S2 .11032 

25 4.475 •0S7U3 

30 4.36i .06743 

4o 5.356 .03227 

50 5.516 0 

60 5.356 .03227 

70 4.861 .06743 

80 3.982 .11032 

90 2.537 .17436 

95 1.580 .23432 

100 0 .62234 

I* 

NATIONAL ADVISORY 
COMMITTEE  FOR AERONAUTICS 

L 

CONFIDENTIAL 

.-.'••%•• .•«' 
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TABLE VI.- MEAN-CAMBER AND THICKNESS  ORDINATES FOR 

FAULT OF AIin>TLS  3ASED UPON CLAR* Y SECTION 

JAll values  ave  givnn In percent of wing chordj 

Station iffeun-carabez1 ordinato Semithickness 

0 0 0 

1.25 . 0822 .1501+ 

2.5 • 1597 .2150 

5 .30j+0 • 2979 

7.5 .1+189 .3513 

10 .5135 .3923 

15 .6812 .1+501+ 

20 .6062 .1+31+2 

30 .51+57 .5000 

i,o 1.0000 .1+872 

50 .9732 .14+96 

60 .8778 .3910 

70 .7223 .311+1 

80 .5207 .2231 

90 .2785 .1197 

95 .11+35 .0637 

100 0 0 

L.E.  rad lua;     0.009t2'.     T.E. radius:     0.005t. 

V1 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

CONFIDENTIAL 
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